Introduction
============

largely replaced surgical ligation in different age groups. Currently, fewer children need surgical intervention than in the past. Residual PDA flow is seen after transcatheter closure or surgical intervention. Residual shunt through a previously occluded ductus arteriosus may be a result of suboptimal occlusion or recanalisation of a totally occluded ductus arteriosus. The reported frequency of residual shunts after PDA ligation varies from 3% to 23%.[@B1]-[@B3] Most commonly, residual shunts are trivial and hemodynamically insignificant, but have different sizes.[@B4][@B5] Many reports on coil occlusion of a residual PDA after transcatheter occlusion of PDA are published.[@B6] The aim of this study was to present our experience with postoperative residual PDA and our attempt to establish a strategy for the management of patients with residual shunts using this experience.

Subjects and Methods
====================

Between June 2005 and December 2009, transcatheter PDA closure was performed in 190 patients. Six of them had a residual PDA after surgical ligation. Informed consent was obtained from all the patients. All data were collected retrospectively from the patients\' records. The characteristics of the patients are summarized in [Table 1](#T1){ref-type="table"}. Double ligation through a left lateral thoracotomy was the surgical technique used on all the patients. None of the patients had symptoms of heart failure. Diagnosis of residual ductal flow was made on the basis of physical examination, and/or echocardiography.

The transcatheter occlusion of the PDA was performed under sedation and local anesthesia. Antegrade vascular access was obtained via the femoral vein and retrograde vascular access via the femoral artery. The size of the arterial duct was measured in the lateral or right oblique position. Three types of coil occluders were used in the study. Selection of implant device was based on the morphology and diameter of the PDA. The implant devices used were Nit-Occlud device (PFM Medical, Cologne, Germany), Gianturco coils (Cook Cardiology, Bloomington, IN, USA) and Flipper Detachable embolization coils (Cook Medical, IN, USA) PDA coils. An antegrade approach was preferred when Nit-Occlud device was used, however, when coils were used, retrograde approach is suggested. These devices were placed as reported previously.[@B7] Aortic angiography was routinely performed at the end of the procedure. Patients were discharged on the second day following the procedure. Physical examination, chest radiography, and echocardiography were performed 24 hours, 1 month, and 1 year after device placement in all the patients.

Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) version 10.0 (SPSS, Inc., Chicago, IL, USA). Descriptive statistics were calculated for frequencies, means and standard deviations.

Results
=======

Transcatheter interventions were performed at a mean period of 6.3±4.5 years (range, 2.5 to 12.5 years) after the initial surgical closure. The mean patient age at catheterization was 10±5.5 years (range, 3 to 18 years) ([Table 1](#T1){ref-type="table"}). The mean diameter of the PDA on angiography was 1.3±0.5 mm (range, 0.8 to 2.4 mm) ([Table 2](#T2){ref-type="table"}). The PDAs were of the unclassified type because they had a smooth ductal ampulla and a very short, thin aortopulmonary communication like a miniature aortopulmonary window ([Figs. 1](#F1){ref-type="fig"}-[4](#F4){ref-type="fig"}). Meaningful shunt ratios were observed in two patients only; their shunt ratios were 1.24 and 1.67 and residual ductal diameters were 1.5 mm and 2.42 mm, respectively.

Transcatheter occlusion was performed twice in patient no. 4 because of insufficient closure of the residual PDA. The patient needed a second detachable Cook coil in addition to the Nit-Occlud coil. Hence a total of four procedures were performed via a retrograde approach and the other three via an antegrade approach. The types of devices used were; Flipper detachable coils used three times, Nit-Occlud coils used two times, Gianturco coils used two times. All coils were successfully implanted. There were no complications. Complete occlusion of the ductal flow immediately after coil embolization was angiographically demonstrable in 4 patients. Complete occlusion occurred one month later in patient No. 6. One patient had an additional mild aortic stenosis, and the other one had hereditary multiple exostoses disease.

Discussion
==========

Double ligation technique involving ligatures on the pulmonary and aortic ends of the ductus has also been widely used. Ductal division usually offers complete closure, whereas ligation has been reported to be associated with recurrences, either due to recanalization or incomplete closure.[@B3][@B8] Podnar and Masura[@B4] reported that double ligation through a left lateral thoracotomy had been the surgical technique used in their patients with postoperative residual ductus arteriosus. Although surgical ligation of PDA is a safe and effective procedure, incomplete closure during ligation or recanalization after ligation may cause residual leaks. In all our patients\' the surgical technique used was double ligation. We think that because of a higher recurrence rate, ligation and division technique should be preferred instead of the double ligation method.

Interventional catheterization has replaced surgery for closure of every type of PDA except in the newborn period. But, percutaneous closure of residual PDA after surgical ligation can be more difficult because of aortopulmonary window-like appearance. Also, the management of a tiny PDA (\"silent\" PDA) can be controversial.[@B9] Indeed, many of the residual ductal flows were detected only by color Doppler echocardiography and are not of clinical significance. We recommend closure of all patent arterial ducts, regardless of their size. The twin goals of PDA closure are to achieve interruption of the left-to-right shunt and to avoid the risk of bacterial endocarditis. Hence, the presence of residual leaks should be considered a failure of the procedure. The devastating effects of endocarditis, coupled with the perception of more anecdotal reports of endocarditis with the silent duct, as well as the low risk of interventions, has led us to recommend closure of the patent arterial duct in these situations. Also, Moore et al.[@B7] advocated the closure of all silent PDA\'s via a retrograde or snare technique using a coil-type device. In the case of a small postoperative residual shunt, insertion of a coil seems to be the optimal therapy due to the favorable design and high efficacy.

It can be traumatic for those parents to learn that a residual PDA still exists; especially, for those who cannot accept the presence of a residual PDA after surgical ligation. Podnar and Masura[@B4] and Kusa et al.[@B5] stated that they also closed the residual leaks after initial surgical attempts, similar to this study.

In conclusion, transcatheter closure of a residual PDA existing from an initial procedure performed via surgical ligation is suitable for most patients. The diameter and morphology of the residual PDA after surgical ligation is particularly suitable for coil occlusion.
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![A: aortic angiogram demonstrating distorted shape and small postoperative flow like that in an aortopulmonary window. B: follow-up angiogram showing after placement of 38-5-5 Gianturco coil.](kcj-41-654-g001){#F1}

![A: aortic angiogram demonstrating distorted shape and a small, postoperative flow such as a short collateral. B: follow-up angiogram showing after placement of 38-2-3 Gianturco coil.](kcj-41-654-g002){#F2}

![A: aortic angiogram demonstrating distorted shape and a small postoperative flow such as a short collateral. B: follow-up angiogram showing after placement of 3/4 Flipper detachable coil.](kcj-41-654-g003){#F3}

![A: aortic angiogram demonstrating distorted shape and small postoperative flow such as that in an aortopulmonary window. B: follow-up angiogram showing after placement of 6/5 Flipper detachable coil.](kcj-41-654-g004){#F4}
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